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The state in which the target high school resides has recently mandated a standardized exam to 
assess the academic progress of their high schools. This has sparked the interest of the target 
school’s administration, as well as the teachers, to seek methods that could assist students to 
improve standardized exam performance. A comparison group of four classes consisting of 
approximately twenty-four tracked chemistry students provided controlled, comparable groups 
where two of the four groups received the experimental treatments - Question Answer 
Relationship Strategy (QARS), Plus-Minus System, Multiple Choice Method, and True/False 
Method. These methods provided students with the necessary critical reading and thinking skills 
to effectively utilize their knowledge and experience in addressing the repertoire of questions on 
standardized exams. Evaluation of the effectiveness of the intervention involved a comparison 
between a sample standardized exam taken by the students from both Experimental and Control 
Groups before and after the experimental treatment. The change in score indicated the effects of 
the intervention method, and the statistical significance was evaluated through a two-sample t- 
test. The results of this test showed the t value of 3.0585. With n - 1 degree of freedom that is 
equal to 34, the p value equaled 0.0025 with a confidence level of 99.5%; the average score 
difference between the Control and Experimental Group was distinct and significant. Thus, the 
project results clearly demonstrate that specific efforts to help students to improve their test- 
taking skills, without emphasizing the contents of the exams, can improve the performance of 
students on standardized norm-referenced tests. 
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CHAPTER 1 

PROBLEM STATEMENT AND CONTEXT 
General Statement of the Problein 

Standardized testing has become the instrument of choice to assess the success of high 
school students across the nation and the world. The state in which the target high school resides 
has recently mandated a standardized exam to assess the progress of their pupils/schools/ 
districts. The results of this standardized exam will be recorded in the transcripts of every 
student, and thus, have an impact on their future education plans. Given the implications from 
this state assessment plan, the target school’s administration, as well as the teachers, began to 
seek curriculum-based methods to assist the students. 

This study investigated the effectiveness of curriculum-based intervention methods to 
improve students’ test-taking skills. The skills enhance the abilities of students to effectively 
utilize their knowledge and experience by improving their process knowledge - the means to 
apply their educational experience. This involves necessary critical reading and thinking skills to 
address the repertoire of questions commonly found on standardized exams. 

Immediate Problem Context 

This high school is one of two in a high school district that has experienced significant 
amount of growth over the past decade. In the next decade, the student population is expected to 
rise 10% and should reach nearly 5,000 students by the year 2005. Recently, U.S. News and 
World Report (January, 1999), listed this high school as an "Outstanding American High 
School" and Newsweek Magazine named it one of "100 Schools that Work". In order to meet 
the wide variety of educational needs of all its' students, the target school offers 194 courses in 
14 subject areas, 13 advanced placement courses, an Individualized Instruction Center, a Center 
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for Individualized Curriculum, and an Off Campus Learning Center. The school day is divided 
into 15 minute "mods", with nonlab-based classes meeting for three mods each day, and lab- 
based classes meeting for four mods. This allows students more flexibility in class choice and 
scheduling. 





1996 


1997 


1998 


1999 


2000 


Total enrollment 


4,111 


4,172 


4,173 




4,424 


• White 


61.0% 


60.3% 


59.4% 


59.3% 


60.4% 


• Black 


1.7% 


1.9% 


1.8% 


2.3% 


2.6% 


• Hispanic 


5.4% 


5.8% 


5.7% 


5.8% 


6.2% 


• Asian/Pacific 


31.7% 


31.9% 


33.0% 


32.5% 


30.8% 




Islander 














Low income students 


7.2% 


7.4% 


7.8% 


10.4% 


6.2% 


Limited-English- 

Proficiency 


5.6% 


4.9% 


5.8% 


5.9% 


6.1% 


Drop-out rates 


— 


— 


0.7% 


1% 


0.4% 



Figure 1 : Student Profile 



According to the 2001 Illinois School Report Card, the graduation rate of the target 
school is 94.2%, with 93.8% of its graduates continuing their education, 68.4% of them at a four- 
year institution. In 2000, the composite ACT score of 22.1 exceeded the national average of 21.5 
with approximately 80.2% of the class of 2000 taking the test. In English, students averaged 
21.3, in Reading they averaged a 21.7, in math they averaged a 23.2 and in Science Reasoning 
they averaged a 21.8. 
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On the Illinois Standards Achievement Test (ISAT) grade 10 students performed as 



follows: 



% of Students 


Subject 


met or exceeded standards 


Below standards or received 
academic warnings 


Reading 


74% 


26% 


Mathematics 


72% 


28% 


Writing 


83% 


17% 



Figure 2: Student Achievement, ISAT 

The average class size is 19.5 students. Approximately 88% of parents have had personal 
contact with the school staff during the school year. There are 299 classroom teachers in the 
district: 

• 95.1% are White 

• 1.0% are Black 

• 2.0% are Hispanic 

• 1.9% are Asian/Pacific Islander 

• 47.6% are male, 52.4% are female 

• Teachers have an average of 1 1.9 years of teaching experience 

• 73.6% have a Master’s degree or above 

• The pupil to teacher ratio is 17.8: 1 

• The average teacher salary is $67,154 with the average administrator salary at $95,764 

• The operating expenditure per pupil is $13,672 
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The Surrounding Community 

The following is a brief summary of the community setting in which the target school 
resides. Town A and B residents comprise the largest portion of students in the target school 
with a few students coming from Town C. Town D residents all attend an alternate high school, 
and are included to show a more extensive community background. 





Town A 


Town B 


Town C 


TownD* 


Population 


59,432 


22,405 


28,284 


11,365 


Average Age 


41.4 


42.8 


54.4 


44.9 


Male (%) 


46.8% 


48.2% 


46.8% 


47% 


Female (%) 


53.2% 


51.8% 


53.2% 


53% 



Figure 3 : Community Profile 





Town A 


Town B 


Town C 


Town D* 


White 


77.1% 


81.0% 


88.6% 


79.4% 


Black 


2.2% 


0.3% 


0.2% 


0.4% 


Asian 


15.6% 


15.0% 


7.0% 


15.6% 


Hispanic 


4.1% 


2.8% 


3.1% 


3.3% 


American Indian/ 
Eskimo/Aleut 


0.1% 


0.1% 


0.1% 


— 


Other 


— 


0.8% 


1.1% 


1.3% 












% native bom 
citizens 


72.1% 


77.3% 


78.2% 


72.4% 


% foreign bom 
citizens 


27.9% 


22.7% 


21.8% 


27.6% 



Figure 4 : Community Racial Composition 
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Town A 


Town B 


Town C 


Town D* 


Median income 
• Household 


$42,276 


$47,808 


$38,718 


$57,309 


• Family 


$49,489 


$52,815 


$45,822 


$62,419 


• Nonfamily 
household 


$22,775 


$22,193 


$20,554 


$28,576 


• Per capita 
income 


$20,595 


$20,206 


$17,422 


$27,154 


Unemployment 

Rates 


1990^ 2.4% 
1995^ 3.4%^’^ 
1996^ 3.4%^'^ 
1997^ 2.7%^'^ 
1998^ 2.8%^'^ 


1.8% 


2.0% 


2.6% 


% of individuals 
living below 
poverty line 


3.9% 


2.9% 


3.7% 


2.2% 


% of families 
living below 
poverty line 


2.7% 


2.3% 


2.5% 


1.5% 


(1) Source: Illinois 


Department of Emp 


oyment Security, W. 


arch 1999. 



Figure 5 : Community Economic Status 





Town A 


Town B 


Town C 


Town D* 


Preprimary, public 


1.0% 


1.1% 


0.7% 


1.1% 


Preprimary, private 


1.1% 


0.8% 


0.5% 


1.2% 


Elementary/high school, 
public 


12.4% 


11.7% 


8.4% 


12.4% 


Elementary/high school, 
private 


2.2% 


2.5% 


2.5% 


2.4% 


College, public 


4.9% 


5.5% 


4.5% 


4.8% 


College, private 


2.8% 


2.5% 


2.6% 


2.8% 


l^igure 6: School Enrollment (all persons ages 3 and up) 
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Town A 


Town B 


Town C 


Town D* 


Median years of school 
completed 


14.4 


— 


12.8 


15.1 


1- r 

Less than 9‘" grade 


6.4% 


7.4% 


12.5% 


5.2% 


9‘"-12“’ grade 


8.2% 


8.5% 


12.5% 


6.3% 


High school graduate 


22.8% 


25.8% 


31.6% 


20.5% 


Some college 


20.6% 


22.6% 


18.3% 


22.2% 


Associate’s 


5.4% 


6.1% 


4.8% 


4.0% 


Bachelor’s 


21.7% 


19.6% 


14.4% 


24.4% 


Graduate degree 


15.1% 


10.0% 


5.8% 


17.4% 



Figure 7: Educational Attainment (all persons ages 25 and up) 



As can be seen in Figure 4 (p. 4, above), the community from which the target school 
draws is a very ethnically and racially diverse one in which a variety of languages other than 
English are spoken. These include Asian/Pacific Island, Greek, Korean, Polish, Spanish, and 
Russian among many others. From Figures 5 through 7 (above), the community can be 
described as a fairly affluent one with high educational attainment. 

National Context of the Problem 

Since the inception of the educational institution, the assessment processes, giving tests to 
students and using the results to evaluate student performance, have been a vital component to 
education (MacLean and Lockwood, 1996). These assessments provide the means to ascertain 
not only the performance of the students for students themselves, but also for parents, and 
teachers for the purpose of improving student instruction, and ultimately, their learning in 
classrooms (Baresic and Gilman, 2001; McLean and Lockwood, 1996). Teachers commonly 
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taught core knowledge and skills that were readily assessed by using exams that were 
specifically geared to evaluate the concepts taught. The results of these exams provided an 
evaluation of students within a particular subject and teacher. The results were teacher and 
content specific, and as a result, had little to no value when compared with the student’s score 
from another teacher, class, or school (McLean and Lockwood, 1996). 

In recent decades, educational reform efforts largely have been driven by assessment and 
assessment results in a context that is not limited to teacher directed in-class performance 
assessment, but rather in the context of the national comparison. To the American people, higher 
education has appeared as a stepping-stone to success for themselves and their children; it 
represented an educational avenue where children of lower socioeconomic status can climb the 
social ladder of success (Popham, 2000). Up to the middle of the Twentieth Century, U.S. public 
schools by in large appeared successful in the eyes of the public. However, by 1970s, with the 
ever more common news of failing educational systems in our country, the American people 
began an era stressing educational accountability (Popham, 2000). People no longer held the 
belief that the U.S. public schools provided the necessary educational experience for our 
children. With an increasing incredulity towards our schools, instead of merely increasing the 
funds for schools and school programs, the public demanded that schools demonstrate their 
effectiveness in educating their students (McLean and Lockwood, 1996). The measuring tool by 
which the educator’s quality was to be judged was a standardized, norm-referenced test. It is a 
test that measures students’ knowledge and skills where individual student performance is 
compared with those possessed by a national sample of students of the same age or grade level 
(Baresic and Gilman, 2001). 
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The two major categories of tests include norm-referenced tests and criterion-referenced 
tests (McLean and Lockwood, 1996). The criterion-referenced test measures the content of 
specific curriculum. Results indicate the level of mastery of the topics that were taught in a given 
curriculum; it is reported in percentage of items answered correctly or “as achievement levels 
that are compared with a predetermined ‘cut score’” (McLean and Lockwood, 1996, p.4). The 
results of the criterion-reference test provide a valuable baseline of information where the 
teachers and schools can improve the design and plan of both instructional programs and 
techniques. The norm-referenced test is “an assessment tool that permits someone to make a 
valid inference about the knowledge and/or skills that a given student possesses in a particular 
content area” (Popham, 1999, p.9). The results are reported in terms of how students perform 
with respect to a comparison group. This comparison group may be a national, state, or local 
sampling of students. When the norm-referenced exam is administered and scored in a 
predetermined, standard manner, it constitutes a standardized exam. Thus, a standardized 
national norm-reference test is administered in a predetermined format to a national sample of 
students where the scores of any individual student represent a percentile rank among the 
students in the nation who performed at or below the level of that particular student. A norm- 
referenced test score does not show how much or how well a student has mastered knowledge 
and/or skills in a content area; rather, it provides “inferences relative about a student’s status with 
respect to the mastery of knowledge and/or skills in particular subject area” (Popham, 1999, p.9). 
There are two major kinds of standardized, norm-reference tests: the Aptitude Test and the 
Achievement Test. The standardized Aptitude Test measures the student’s potential in 
succeeding in some subsequent educational setting. The Scholastic Achievement Test (SAT) and 
American College Testing (ACT) are common examples of aptitude tests. The Standardized 
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Achievement tests show the student’s status with respect to mastery of core knowledge and/or 
skills in a particular subject area such as mathematics, science, and Social Studies. Nationally, 
five common tests are in use: California Achievement Test, Comprehensive Test of Basic Skills, 
Iowa Test of Basic Skills, Metropolitan Achievement Tests, and Stanford Achievement Tests. 

The use of the criterion-reference test has primarily focused on instructional 
improvements often sought by educators; it is a formative, rather than summative, in nature. 
However, the primary use of the norm-referenced test has exceeded the bounds of its purpose or 
design (Popham, 1999). Although the puipose and use of the standardized norm-referenced test 
was to depict relative strengths and weaknesses in a subject area, it has become the basis in 
which the public determines and judges the teacher and/or school effectiveness, the allocation of 
funds, and student promotion, demotion, and graduation (Baresic and Gilman, 2001; Whitehead 
and Santee, 1987). Advocates believe that standardized norm-referenced tests are “the only way 
to hold schools and teachers accountable, as well as the only way to determine student 
achievement” (Baresic and Gilman, 2001, p.l). In addition, they see it as “a quick, relatively 
inexpensive, and an objective way to determine student achievement and growth” (Baresic and 
Gilman, 2001, p.l). As a result, “students, teachers, administrators, schools, and school systems 
are often evaluated and compared solely on the basis of test scores” (Baresic and Gilman, 2001, 

p.2). 

Given the increased value placed upon standardized tests, educators have experienced 
and are experiencing “relentless pressure to show their effectiveness” (p.9), and as a result 
teachers are using ever-increasing variety of assessment tools (Popham, 1999). Joseph Angaran, 
a 3 '’^ grade teacher from Egan, Minnesota, notes how graders in his school are evaluated using 
a national norm-referenced test for school achievement, a test to determine school ability, two 
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state-mandated tests in reading and math, a writing assessment, and a test for oral retelling of a 
narrative or a descriptive text. This inordinate amount of testing of students not only “impedes a 
meaningful education for the students” (p.72), but also inundates and overwhelms the school 
officials with test data that often leads to misinformation to the teachers who seek feedback for 
instructional improvements (Angaran, 1999). In addition, Angaran notes. 

Parents receive less information with even less interpretation of the results 
and, more important, no direct link to what they can do at home to help their child. 

The public often receives the most dramatic data taken out of context, misinterpreted, or 
sensationalized, (p. 72) 

In addition, due to the heavy emphasis placed on norm-referenced tests, many teachers “find 
themselves trying to teach to the test or something that is close as possible to the test,” and as a 
result, teachers “concentrate their curriculum on skills and knowledge that are relevant to the 
test... [they may even] suspend the regular curriculum for weeks in order to provide intense cram 
sessions for their students” (Baresic and Gilman, 2001 , p.2). Thus, the emphasis of classroom 
instruction is often “placed not on improving student education, but rather on getting their 
(norm-referenced) scores up to a minimum standard of acceptable performance” (Baresic and 
Gilman, 2001, p.2). 

The standardized norm-reference test is ideal in “supplying evidence needed to make 
norm-referenced interpretations of students’ knowledge and/or skills in relationship to those of 
students nationally” (Popham, 1999, p.lO). In addition, it may even provide valuable information 
on the longitudinal development of a child in a given content area. However, according to 
Popham (1999), given the nature of the norm-referenced test and its design, the current method 
of using the standardized noirn-referenced test to measure the educational success or 
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effectiveness of schools is analogous to “measuring temperature with a tablespoon” and as a 
result, “those evaluations are apt to be in error” (p.8). The goal of the developers of the norm- 
referenced test is to create questions that can only be answered correctly by roughly half of the 
assessed students. These questions discriminate among students in order to yield norm- 
referenced interpretation or normal distribution of scores. Thus, because the norm-referenced test 
measures relative achievements, it does not assess the amount of knowledge gained through 
schooling for a given student. Furthermore, given the magnitude of topics that need to be 
assessed plus the limited time in which these tests can be administered, the norm-referenced tests 
“contain too few items to allow meaningful within-subject comparisons of students strengths 
and weaknesses” (Popham, 1999, p.9). Thus, given current test design, norm-referenced tests at 
most provide rough approximations of a student’s relative status to the norm population, and it 
does not measure the actual amount learned within classrooms and/or quality of school or 
education. 

The developers of the norm-referenced tests are forced to design “one-size-fits-all” 
tests that should properly assess curricular emphasis of schools and school districts. However, 
given the nation’s enormous diversity of curriculum, the attempt to “fit “ all curricula with one 
exam is impossible. Therefore, standardized norm-referenced tests will contain items that are not 
aligned with a particular curricular setting (Popham, 1999). Furthermore, because classroom 
instruction is often influenced by the contents of textbooks. Freeman and his colleagues (1983), 
studied four common math textbooks and compared the contents of the textbooks with the 
standardized norm-referenced test. Their study indicated that between 50 to 80 percent of the test 
items on standardized achievement tests were not suitably addressed in the textbooks. Therefore, 
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according to Popham (1999), “the assumed match between what’s tested and what’s taught is not 
warranted” (p.l 1). 

According to Howard Gardner, there are eight different intelligences. Individuals possess 
one or more of the intelligences with some being more developed than others. The degree and 
type of intelligences within individuals vary; they are unique to a given individual. The 
standardized achievement tests usually emphasize and assess a limited number of intelligences, 
often only verbal linguistics and logical mathematics. As a result, students who have greater 
capacity in other intelligences, such as interpersonal and kinesthetic, will appear to possess less 
aptitude than the norm population. Furthermore, children possess different life experiences due 
to the different environment or culture in which they have lived. “If children come from 
advantaged families and stimulus-rich environments, then they are more apt to succeed on items 
than will other children whose environments don’t mesh as well with what the tests measure” 
(Popham, 1999, p.l 3). For instance, students from higher socioeconomic status have tendencies 
to do better on the standardized achievement tests than students from lower socioeconomic status 
families. Thus, given the properties of the norm-referenced tests, while it may provide a valuable 
comparative information the on the students performance in a specific content area, norm- 
referenced tests have limitations when quantifying or measuring the amount of content learned 
by a student from a teacher or a school. As a result, due to the limitation of the standardized 
norm-referenced tests, while some schools and/or states continue to mandate higher standards 
and more tests, many other states (such as Arizona) have discontinued or limited the use of their 
assessment programs (Baresic and Gilman, 2001). 

In the midst of continuing pressure to assess the schools, teachers are seeking data that 
help to improve instructional quality in order to better educate the students. Both parents and the 
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general public seek data that can be used to measure the quality of education and thus hold 
schools accountable for their role as educators. The two types of exams, criterion-referenced 
tests and norm-referenced tests, both have their unique purposes that are premised on the same 
goal, which is to provide positive learning experiences for all students. However, their results 
possess significance in limited scope, and consequently results should be interpreted and applied 
only in the range in which the assessment tool was originally meant to be used. In the realm of 
assessments in schools today, a common assessment tool that serves the purposes of educators 
and the public should be implemented; this assessment tool should fairly assess the target group, 
alleviate pressure on educators, as well as appease the concerns of the parents and other 
community members. 
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CHAPTER 2 

PROBLEM DOCUMENTATION 
Problem Evidence 

In order to document the decline in performance on certain standardized tests, both 
American College Testing (ACT) Program and Scholastic Achievement Test (SAT) scores were 
obtained through school report cards. These report cards compiled school, district, state, and 
national data. As shown in Figures 8 and 9 (below), the number of students taking the ACT and 
SAT is substantial, making it imperative that more students be exposed to an education that not 
only teaches them content, but teaches them how to retrieve that information and apply it to other 
situations, including the standardized test. 



(% of class) 


1992 


1993 


1995 


1996 


1997 


1998 


1999 


2000 


2001 


School 


88.2% 


82.6% 


83.6% 


78.7% 


81.8% 


72.3% 


71.7% 


75.5% 


79.8% 


District 


89.0% 


86.0% 


86.0% 


83.3% 


86.6% 


79.4% 


76.3% 


80.2% 


83.3% 


State 


61.9% 


62.2% 


63.0% 


63.2% 


61.2% 


58.3% 


55.9% 


62.4% 


62.3% 



Figure 8 : Students taking the ACT 



(% of class) 


1992 


1993 


1995 


1997 


1998 


1999 


School 


27% 


29% 


32% 


40% 


31% 


36% 


District 


15% 


15% 


13% 


14% 


13% 


12% 


State 


42% 


43% 


41% 


42% 


43% 


43% 



Figure 9 : Students taking the SAT 
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In Figure 10, a decline in both school and district scores on the ACT show the need to improve 
test scores, even though the target school scores higher then the national average. 




— School 
-■-District 
National 



Figure 10 : ACT Scores 




-•-School 
— B— State 
National 



1992 1993 1995 1997 1998 



1999 



Year 

Figure 11 : SAT Composite Score 
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1992 1993 

Figure 12 : SAT Verbal Scores 



1995 1997 

Year 



1998 



1999 





-♦-School 
-B- State 
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Figure 13: SAT Math Scores 



Year 
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As in shown in Figures 11 and 12 (p. 15 and p. 16), there has been a slight increase in overall 
SAT scores in the school, but there is still much room for improvement. Note that scores on all 
four dimensions are well above the national norm, and on three of four scores are above state 
levels. While this can be seen as an indicator of district/school success, the press for increased 
pupil achievement by district educators and community is very likely a reflection of the 
socioeconomic/educational levels of the community itself (see Chapter 1). Quite possibly all 
parents and school personnel would like to see their children do well; in this community, 
academic achievement is undoubtedly a high priority in every respect. This concept is detailed 
below. 

Problem Cause 

Most teachers will agree that their job is to transfer knowledge to their students. This 
information makes up a huge knowledge base that students acquire from the time they begin 
school through college and the rest of their lives. Unfortunately, the norm-referenced test does 
not gauge how much students know, but rather how well they perform in comparison to other 
students. So while teachers are teaching content, the school is using a test designed to measure 
application. This great divide is one of the major issues in education today. At the target school, 
as is true across the nation, good teachers shy away from "teaching to the test". According to 
Bond (1995), the answer is not to teach to the test, but rather to teach students content in addition 
to teaching students test-taking skills. By doing this, students still learn the material for the 
course, but also learn how to utilize that material to a situation where they are being tested on 
application (as opposed to content). The assumption in the past has been that if one teaches a 
subject area well enough, students will learn and apply that knowledge in all types of situations. 
As can be seen from the decline in standardized tests scores, that is not necessarily the case. 
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According to Mehrens (1989), it is not merely enough to teach content, but test-taking skills as 
well. The same is true with teaching to the test. It is not feasible to show students problems and 
teach the answers to those problems, since that will not improve test scores either. Instead, those 
students with a strong knowledge base to support the skills necessary to be successful on norm- 
referenced tests will be the successful ones. 

The increasing importance of these tests, as shown by the elevation of property values in 
some communities, puts pressure on the school board to raise test scores. That pressure is in turn 
put on administrators who feel that unless test scores improve, jobs will be lost. Finally, that 
pressure gets transferred to teachers, who historically had to decide between teaching content and 
teaching the test. As a result, this is raising the anxiety and stress especially among students, 
parents, and schools, which has shown to negatively influence not only the students but also the 
schools and the community (Popham, 2000). It is possible not only to teach students content but 
also help improve their test-taking scores by integrating strategies on how to be successful test- 
takers. As seen in the notable reputation of the target school, the students are learning the 
content of their classes. Unfortunately, this does not seem to transfer 100% to an outstanding 
performance on norm-referenced tests. Standardized tests have been used in the United States as 
a predictor for future success since their inception. The question is whether or not this is a valid 
application of the results of a standardized test (Sacks, 1997). Norm-referenced tests have 
become a tool used by some high schools to even dictate who graduates, and is used by most 
colleges to decide who enters. Many argue that the extreme amount of classroom time that is 
taken away just to take standardized tests in a students career is the real problem (Baresic and 
Gilman, 2001). Schools cannot continue to teach a curriculum that is solely based on content if 
norm-referenced tests are going to be the ruler against which we measure success. 
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CHAPTERS 

THE SOLUTION STRATEGY 
Literature Review 

Standardized norm-referenced exams have become the instrument of choice to not only 
assess the students performance but also the performance of schools and/or school districts 
(Popham, 1999). Although the standardized norm-referenced exams are not inherently designed 
to fulfill this goal, pressures are continuously placed upon schools by society to present evidence 
of educational success: The public wants accountability from the education institution in the light 
of common negative media depictions of school inequities (Popham, 2000). Furthermore, the 
public views the standardized norm-referenced tests as “a quick, relatively inexpensive, and an 
objective way to determine student achievement and growth” (Baresic and Gilman, 2001, p.l). 
Given this pressure to perform, many schools have started to align their curriculum around the 
contents of the standardized norm-referenced exams. According to Mehrens (1989), a more 
appropriate way to prepare students is to teach test-taking skills that would facilitate students’ 
application of knowledge and experiences in education rather than teaching the exams to the 
students. Students with a firm knowledge base may be taught the basic test-taking skills with 
little instructional time in order to elevate scores on standardized norm-referenced tests (Mehren, 
1989). Some of the intervention methods that have shown to improve test performances are 
systematic test-taking approaches, recognition of key words, and, as a last resort, using guessing 
strategies (Frierson, 1984). 

The target school, ranked as one of the top schools in the state, offers a very well 
balanced education, which includes a strong knowledge base. The target school’s curriculum is 
content driven which aligns with the community’s values and emphasis on the need to prepare 
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the students for post-secondary educational standards and expectations. However, in last five 
years, the average ACT scores of the have shown gradual decline in scores while the national 
average continuously, yet steadily, increased in the same period of time (see Chapter 2). Thus, 
Mehren’s study, which showed a positive impact of teaching students test-taking skills as long as 
it is in conjunction with a strong knowledge base, provides an ideal approach to intervention for 
the target school; this study will provide the basis in which the problem at the target school will 
be addressed. Furthermore, Berendt and Koski (1999) and Frierson (1984) have also shown the 
positive effects of teaching test-taking skills through intervention methods to address low 
standardized exam scores. 

Project Objective and Processes 

A series of test-taking skills will be taught to groups of students in chemistry classes at the target 
school as the intervention method. The target school offers four levels of chemistry: Chemistry 
10-20 (remedial). Chemistry 12-22, Chemistry 11-21 (honors), and AP Chemistry. Thus, for a 
given level, student placement will establish a random sampling of students for each class that 
can be used as comparative groups within a given level — Experimental versus Control Groups. 
In group comparison, all variables can be considered to be constant except the experimental 
factor. For this research, four Chemistry 12-22 classes that are taught by two separate teachers 
will be used to conduct the study. Each teacher has two chemistry classes. For each teacher, one 
class will be the Experimental Group and the other class will be the Control Group; the selection 
process will be random. Thus, upon completing the experimental treatments, two experimental 
trials will be completed that can potentially be used to support the reliability of the data. The 
intervention method for this study implemented the following procedures between the period of 
early October and mid-February. 
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Project Action Plan 

■ Week 1 : All four of the groups/classes will be given a preliminary standardized and the 
scores will be collected. 

• A science reasoning section from the ACT exam consisting of 40 questions that are to be 
completed in 35 minutes will be used as a preliminary exam. A copy of this exam can be 
found in Appendix A. 

• A standard environment will be set and maintained throughout the examination. 

■ Weeks 2-5: Both the Control and the Experimental Groups will be taught the same content in 
the chemistry curriculum, with the Experimental Group receiving instruction in the 
intervention method. Each intervention will be taught in a one-week period. Once a week, 
for approximately the first fifteen minutes of the class, students will learn and practice the 
intervention. 

• Four intervention strategies will be taught. The tables and graphic organizers describing 
the intervention strategies are included as Appendix D. 

1) The Question-Answer Relationship Strategy (QARS) 

• Helps the students to readily identify the types of questions and readily locate 
synthesize answers. 

2) The Plus/Minus System 

• Time management strategy where students answer questions according to the 
difficulty and time consumption for a given question. 
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3) Multiple Choice Methods 

• Process sequence (questions vs. answers or vice versa) 

• Process of elimination 

• Key word recognition 

• High/Low numbers 

• Long vs. short answers 

• Ridiculous answers. 

4) True/False Method 

• True unless obviously false 

• Absolute qualifiers 

■ In the subsequent week, students will have fifteen minutes to practice using samples from the 
Science Reasoning section of the ACT test. 

• A sample Science Reasoning section or passage containing on the average of four to five 
questions will be used to help students practice the test-taking skills learned in the 
previous week’s lesson. An example is included as Appendix C. 

• Each sample Science Reasoning section will be approximately 5 minutes in length. 

• One of the practice sessions will be timed in a standard environment to promote student 
familiarity of the test format/environment. 

■ Approximately four days out of two weeks will be used to review the test-taking skills by 
practicing all four of the intervention strategies prior to the post/final assessment of the 
Experimental Groups. 
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• On days one and three, a section of the Science Reasoning test will be administered to the 
students in standardized format; the seating will be organized and structured, the 
directions will be read, and the students will be timed. 

• On days two and four, class will be used to evaluate student performance and the nature 
of the questions in the exam following each practice. This analysis will provide students 
an opportunity to evaluate their application of test-taking skills and fine-tune their skills. 

■ Week 6: A full sample Science Reasoning section was used as a post-test for both the Control 
and Experimental Groups. A copy of the post-test is included as Appendix B. Pre-test scores 
will be used to compare the effects of the intervention methods. A copy of the pre- and post- 
test can be found in the appendix. 

Methods of Assessment/Solutions Expected 

The goal of this project is to measure the effects of the intervention method on test-taking 
skills on samples of students that are randomly placed in groups according to their academic 
placement at the target school. The effects of the intervention methods will be measured through 
the test scores obtained by the students on a sample Science Reasoning Section that has 40 
questions; this needs to be completed in the time frame of 35 minutes in a standardized 
environment. The data will entail pre-and post-test scores for both the Control and Experimental 
Groups. A comparison will be made by subtracting the post-test scores from the pre-test scores, 
and the difference will outline any improvements in student performance in the standardized 
norm-referenced exams. This comparison will be conducted for both the control and 
Experimental Groups in order to negate any influence from the chemistry curriculum (such as the 
content learned and/or the chapter exams students have taken). 
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CHAPTER 4 
PROJECT RESULTS 
Historical Description of the Intervention 

The objective of this research was to improve students' scores on norm-referenced 
standardized tests. This was done by teaching students test-taking strategies that would help 
them recall prior knowledge and apply it to new situations. Initially, the students in all four 
classes were given a pre-test. Then, four strategies were taught; Question-Answer Relationship 
Strategy (QARS), Plus/Minus System, Multiple Choice Methods, and True/False method. Each 
intervention was slated to be taught in a one week period, one fifteen minute block of time 
dedicated to teaching the skill, and an additional fifteen minutes later in the week to practice the 
skill. At the end of the four weeks necessary to teach the skills, students received two additional 
days of practice each with a day of analysis of the practice exam, used to help students evaluate 
their success with the skills. During week six, students were given a complete Science 
Reasoning post-test. 

During the time period in which the intervention was applied, the target school had 
numerous days with shortened schedules, causing the entire study to take twelve weeks as 
opposed to six. Students often went a week without being taught or practicing a skill. Students 
then needed a mini-review of the skills previously learned. This meant that some days were 
nearly completely devoted to the research in the Experimental class, while the Control class was 
taught content. After the ten weeks, the Experimental class was slightly behind the Control class 
and needed time to catch up so that they arrived in the same place at the end of the semester. In 
the first semester of 2000, ten chapters were covered. In the first semester of 2001 (the research 
semester), students also finished ten chapters, though in less detail then previous years. 
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Presentation and Analysis of Results 

Figures 14-32 (p. 25-35), portray results for all test given by Teacher One and Teacher 
Two to both Experimental and Control Groups. Explanation, Comparisons, and analysis of 



project results will be found beginning on p. 36. 
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Figure 14 : Teacher One Control Group 
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Figure 15 : Teacher One Experimental Group 
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Figure 16 : Average pre- and post-test scores, Teacher One (Experimental and Control Groups). 
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Figure 17 : Student Performance of Teacher One - a comparison between pre- and post-test. 
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Figure 18 : Student performance of Teacher One (post-test minus pre-test score) 
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Figure 19 : Teacher Two Control Group 
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Figure 20 : Teacher Two Experimental Group 
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Figure 21 : Average pre- and post-test scores, Teacher Two (Experimental and Control Groups). 
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Figure 22 \ Student Performance of Teacher Two - a comparison between pre- and post-test. 
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Figure 23 : Student performance of Teacher Two (post-test minus pre-test score) 
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Figure 24 : Average score difference — post-test minus pre-test (Teacher One and Teacher Two) 
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Figure 25 : Test score change (experimental minus control test scores) 
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Figure 26 : Control Group (Teacher One + Teacher Two) 
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Figure 27 : Experimental Group (Teacher One +Teacher Two) 
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Test Test Pre-Test Post-Test 



Figure 28 : Combined test-scores (experimental and Control Groups). 
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Figure 29 : Score difference (post-test minus pre-test). 
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Figure 30 : Score difference (post-test minus pre-test). 
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Teacher One + Teacher Two 


Number of Students in the 
Control Group 


Number of Students in the 
Experimental Group 


Students with no change in 
test score 


0 


1 


Students with a decrease in 
test score 


18 


6 


Students with an increase in 
test score 


18 


28 


Students with 
0% > Score Increase > 5% 


8 


7 


Students with 

5% > Score Increase > 10% 


2 


9 


Students with greater than 
10% increase in the test score 


8 


12 



Figure 31 : Student performance of Teacher Two - a comparison between pre- and post-test. 



Student Performance Control Group 
(Teacher 1 + Teracher 2) 

0% 

50% 




El Students with no change 
in test score 

@ Students with a decrease 
in test score 

□ Students with an increase 
in test score 



Increase in Score in Control Group 
(Teacher I + Teacher 2) 



Student Performance Experimental Group 
(Teacher 1 + Teacher 2) 



3% 17% 



80% 




U Students with no 
change in test score 

B Students with a 
decrease in test score 

□ Students with an 
increase in test score 



Increase in Score in Experimental Group 
(Teacher 1 + Teacher 2) 




11% 



□ Students with an increase in 
Score: 0 > Score Increase > 5 

□ Students with an Increase in 
Score: 5 > Score Increase > 1 0 

□ Students with an increase in 
Score: Score Increase > 10% 



25% 




32% 



□ Students with an increase in Score: 
0 > Score Increase > 5 

□ Students with an Increase in Score: 
5 > Score Increase > 10 

□ Students with an increase in Score: 
Score Increase > 10% 




Figure 32 : Student performance of Teacher One + Teacher Two (post-test minus pre-test score). 
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The experimental design for this study involved a randomized comparative experiment 
that randomly divided subjects into two groups and exposed each group to a different treatment. 
As a result, the two-sample test t-test was used to compare the differences of the exam scores of 
the experimental and the Control Groups. The two-sample r-Test of the results from this study 
indicates the p- value of 0.0025 (p = 0.0025), which corresponds to 99.5% confidence level. The 
t-test values were obtained by using the following equation. 



Xi — X2 

t = 




The following table identifies the variables and the corresponding number from the data. 



Variable 


Variable Identity 


Numerical Data 


Xi 


Mean value of experimental test 
score difference 


3.3429 


X2 


Mean value of control test score 
difference 


0.0526 


s? 


Standard deviation value for the 
experimental test score difference 


' (4.2492)^ 


si 


Standard deviation value for the 
control test score difference 


(4.9371)" 


ni 


Sample size (# of students) in the 
Experimental Group 


35 


H2 


Sample size (# of students) in the 
Control Group 


38 



The t value is equal to 3.0585. This value, plus the n - 1 degree of freedom which is equal to 34, 
correlates to p = 0.0025, having a confidence level of 99.5%. 
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As can be seen in Figures 14 and 16 (p. 25 and p. 26), Teacher One showed a pre-test 
average of 16.4 and a post-test average of 17.55 in the Control Group. This equates to a 
difference of 0.95 which is a 2.375% increase in average from pre- to post-test. Teacher Two 
experienced a pre-test average of 15.82 and a post-test average of 15 in the Control Group. This 
was a -0.94 or 2.36% decrease in the pre- to post-test average (Figures 19 and 21, p. 28 and p. 

29). In the Experimental Group, Teacher One experienced a pre-test average of 16.17 and a 
post-test average of 18.78. This was a 2.61 or 6.52% increase from pre- to post-test (Figures 15 
and 16, p. 26). Teacher Two demonstrated a pre-test average of 20 and a post-test average of 
25.5. This equates to a 4. 1 1 or 10.29% increase from pre- to post-test average (Figures 20 and 
21, p. 29). Figure 24 (p. 31) summarizes the differences in pre- and post-test scores in both the 
control and Experimental Groups for both teachers. Teacher One encountered a 1.66 point 
difference between the Control and Experimental Group from pre- to post-test, while Teacher 
Two showed a 5.06 point difference (Figure 25, p. 31). In terms of the improvement on 
individuals. Teacher One saw 1 1 students in the Control Group improve; 5 increased their score 
by up to 5%, 1 increased their score between 5% and 10%, and 5 increased by more than 10%. 

In the Experimental Group, Teacher One saw 12 students improve their score; 2 increased their 
score by up to 5%, 4 increased their score between 5% and 10%, and 6 increased by more than 
10% (Figures 17 and 18, p. 27). Teacher Two also showed an increase in 7 of the scores of the 
Control Group; 3 increased their score by up to 5%, 1 increased their score between 5% and 
10%, and 3 increased by more than 10%. In the Experimental Group, 16 students improved their 
scores; 5 increased their score by up to 5%, 5 increased their score between 5% and 10%, and 6 
increased by more than 10% (Figures 22 and 23, p. 30). 
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When combining the data from both Teachers 1 and 2, the following results were 
obtained. In the Control Group, scores averaged 16.29 for the pre-test and 16.26 for the post- 
test. This is a 0.053 point difference, which is an increase of 0.013% (Figure 26, p. 32). As for 
the Experimental Group, the average score for the pre-test was 16.31, while the post-test average 
was 19.66. This is a 3.34 point difference, which is an increase of 10.29% (Figure 27, p. 33). 
These results are summarized in Figures 28 through 30 (p. 34). Overall, in the Control Group, 

18 students improved their scores; 8 increased their score by up to 5%, 2 increased their score 
between 5% and 10%, and 8 increased by more than 10%. The changes in the Experimental 
Group are much more dramatic. Twenty-eight students increased their scores; 7 increased their 
score by up to 5%, 9 increased their score between 5% and 10%, and 12 increased by more than 
10% (Figures 31 and 32, p. 35). 

The difference in the test score was obtained through subtracting the pre-test score from 
the post-test score. The average of the score difference for the both the Control and the 
Experimental Groups was obtained by adding the score difference of each student and dividing 
this sum by the total number of students. The average test-score difference between the control 
and the Experimental Groups for each teacher contained large standard deviations. For Teacher 
One, the average score difference in the Control Group was 0.95 ± 5.42 and in the Experimental 
Group was 2.61 ± 5.12. The standard deviation of 5.42 and 5.12 between the average score 
differences of 0.95 and 2.61 respectively, showed that the score difference between the Control 
and Experimental Groups was not significant. Rather, difference between the two groups was 
due to randomness of the data. For instance, according to the standard deviation value of 5.42, 
the average score difference of .92 can have the maximum value of 6.37, which is greater than 
2.61. This overlaps the average score difference between the Experimental and Control Groups, 
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thus making the results insignificant. For Teacher Two, the average score difference in Control 
Group was -0.94 ± 4.26 and in the Experimental Group was 4.11 ± 3.04. Like the Teacher One, 
the standard deviations for both averages of score difference showed that the difference between 
the score of the pre- and post-test scores was not distinct or significant. 

Although the individual results of teachers did not indicate significance in the difference 
of test scores, the combined result of Teachers One and Two showed significance. The difference 
in test score between the Experimental and Control Groups through two-sample t-test showed 
that the results were significant and that this difference was not due to random events. This was 
due to the increase of the sample size, the higher n value, when the results of the two teachers 
were combined. The p-value obtained from the two-sample t-test, which is 0.0025, was less than 
the p-value of 0.05, the value at which significance is determined. Thus, based on the p-value of 
0.0025 that has 99.5% confidence level, the average score difference between Control and 
Experimental Groups was distinct and significant. 

Discussion 

The intervention strategies used in this study proved to be effective. A randomized 
comparative experiment randomly divided students into two groups, the Control versus the 
Experimental Group, and exposed each group to a different treatment was conducted. Upon 
evaluating the data through a two-sample t-test, the results indicate significance in distinguishing 
Experimental and Control Group performance. The Experimental Group received the 
intervention strategy of test-taking skills, while the Control Group was not taught the test-taking 
skills. Each group was tested with the pre-test and post-test, and the difference in the score of the 
two test sample was used to measure the significance of the results. The two-sample t-test value 
of 3.0585 with 34 degrees of freedom corresponds to a p-value of 0.0025 and 99.5% confidence 
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level. Thus, the test-taking strategies taught to the students had a significant effect upon student 
performance in the standardized norm-referenced exams. The intervention strategies were 
premised upon empowering the students to better utilize their knowledge and educational 
experience from their regular schooling versus teaching the test to the students. The strategies 
include the Question-Answer Relationship Strategy (QARS), Plus/Minus system, Multiple 
Choice Method, and True/False Methods. These strategies were selected and implemented to 
help students gain familiarity with the format of the standardized norm-referenced exam as well 
as the nature of the questions that these questions asked. Furthermore, these strategies allowed 
students to better manage their time while effectively and accurately assessing and responding to 
the questions. This aid to the students proved to be valuable, resulting in improved scores. For 
instance, for Teacher One, 66.7% of the Experimental students showed an improvement in their 
scores. For Teacher Two, 94. 1 % of the students showed an improvement in their scores. For 
Teacher One, two students increased their exam scores greater than or equal to 25%, while for 
Teacher Two, one student increased her score by 25%. Thus, teaching test-taking skills to 
students has a positive effect on student perfoiTnance on the standardized norm-referenced 
exams. 

The uses of the standardized norm-referenced exams to assess the performance of the 
students and schools have placed pressure on schools to improve their performances on these 
exams. This pressure has led many of the schools and teachers to align their curriculum around 
the contents of the exams, rather than teaching their usual curriculum, which is based upon a 
comprehensive overview of all disciplines. This study’s purpose and findings shows how a 
regular curriculum can be implemented at the same time that students are taught necessary skills 
to effectively apply their knowledge on a standardized exam format. With little sacrifice of class 
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time in implementing intervention strategies, students can show a significant improvement in 
their test scores. This effect counters the efforts of those teachers and schools who focus their 
curriculum on standardized exams. 

All of the intervention methods proved beneficial to the students. All test-taking 
strategies were readily used by the students to analyze and respond to test questions. However, 
the Plus-Minus System appeared most interesting and popular to the students. This time- 
management, test-taking skill provided students with an effective means to better manage their 
time and allocate their effort efficiently to address most, if not all, of the questions on the 
standardized exam. Most students in the sample groups appeared to possess the necessary 
knowledge; they just needed need time to analyze all of the questions and access their knowledge 
to properly respond to questions. The Question-Answer Relationship Strategy (QARS) helped 
the students to better implement the Plus-Minus test-taking skills. This strategy helped students 
to better identify the nature or type of questions on the exams. As a result, students were able to 
better manage their time; they answered the questions that require less time first before they 
engaged in questions that required more time and effort. When encountering exam questions that 
were too difficult, the Multiple Choice Method helped students the most. The process of 
elimination (as well as recognizing absolute qualifiers), allowed the students to eliminate 
distracters in the choices and isolate those responses that were correct. The least beneficial 
strategy was the True/False Method. The nature of the standardized norm-referenced exam 
eliminates the need for this strategy; the standardized norm-referenced exams usually do not 
have many true/false questions. Although this method appeared to offer little benefit, the rest of 
the intervention methods proved to be highly effective, as is evident in the results of this study. 
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The biggest challenge in implementing the test-taking intervention strategy was finding 
and maintaining time for instruction and practice. In the midst of curriculum emphasis and 
pressure in a school with high academic drive, many difficulties were encountered, necessitating 
delays in practice of the test-taking skills. Firm discipline and accountability will be helpful in 
consistently implementing the intervention strategy. This may produce more reliable data, where 
student scores are higher and more consistent with a lower standard deviation. Thus, the 
significance or degree of confidence from a statistical analysis may also improve. 

Conclusions 

Project results clearly demonstrate that specific efforts to improve student performance 
on standardized norm-referenced tests can be beneficial; however, one sacrifice in implementing 
this intervention method was the loss of instructional time. Content emphasis was less in the 
Experimental Groups than the Control Groups; however, the class grade distribution between 
Experimental and Control Groups was approximately the same. Perhaps students in the 
Experimental Groups could have outperformed the students in the Control Group if additional 
instructional time was provided for these students. An additional study could be performed to 
address this concern; however, this result may provide an insight into the current findings. The 
students of the Experimental Groups, on average, may be more intelligent than the Control 
Group and the samples that were assumed to be random may have not been randomly 
established. As a result, the outcome might have possessed a systematic error. However, this 
study was conducted on the premise that counselors at the target school randomly place students 
in the appropriate levels based upon prior school performance. This should establish random 
samples so that a controlled experiment may be conducted for comparison. 
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Model Science Reasoning Test 

35 Minutes— ^0 Questions 

DIRECTIONS: This test consists of several distinct 
passages. Each passage is followed by a number of 
multiple-choice questions based on the passage. Study 
the passage, and then select the best answer to each 
question. You are allowed to reread the passage. Record 
your answer by blackening the appropriate space on the 
answer sheet. 



Passage 1 

The diagram below shows ihe probable evolution- 
ary relationships of the primates. 



PlATYft«MJN6S 



ANTMROPOOS 



CATAftRMtNES 




From Helena CuriJA. Biohtffy. 4 cvt. Worth Publishers. Ness York. WX.V 



best copy available 



GO ON TO THE NEXT PAGE. 




52 



Appendix A continued 



46 



1. The nio.st recent common ancestor of human beings 
and the gorilla lived about: 

A. 10 million years ago. 

U, 19 million years ago. 

C. 25 million years ago. 

0, 33 million years ago. 

2. Die diagram proposes that the largest group that 
descended from Dryopithecincs is; 

K. the gibbons. 

G. The Catarrh! nes. 

H. the Hominoids. 

J. the great apes. 

3. Two organisms are sometimes said to be closely 
related if they have a recent common ancestor. By 
this criterion, which of the following pairs are most 
closely related? 

.A. Old World and New' World monkeys 
H. Modem prosimians and New World monkeys 

C. Human and orangutan 

D. Orangutan and gibbon 



4. Whal does the diagram tell us about the relation- 
ships of the lemurs, which are the modem prosimi- 
ans? 

F. Lemurs have existed unchanged for 60 million 
years. 

C. Lemurs are the ancestors of all primates. 

H, Of all primates, lemurs are most similar to the 
ancestors of the whole group. 

J. Lemurs have evolved to a greater extent than 
any of the other primates. 

5. Australopithecus is a genus of primates, more 
recent and humanlike than Mamapirhecus. Of the 
taxonomic groups named on the chart, which is the 
smallest to which Australopithecus belongs? 

A. Anthropoids 
H. Hominoids 

C. Catarrhines 

D. Hominids 



Passage II 

Experiments arc done in a stream to detennine how 
the size of particles eroded and deposited is affected by 
the velocity of the water. 

Experiment / 

To study erosion, sediments composed of particles 
of various sizes are placed in the bottom of a stream at 
many different points. At each point, the velocity of the 
vSircam is measured. The minimum velocity needed to lift 
the particles off the stream bottom is determined for each 
size particle. 



Material 


Particle size 
(mm) 


Minimum velocity 
(cm/s) 


Clav 


0.001 


100 


Silt' 


0.01 


180 


f-ine .sand 


0.1 


60 


Coarse sand 


1 


90 


Pebbles 


10 


210 


Cobbles J 


i 100 ' 


600 



Experiment 2 

To study deposition, the sediments are dropped into 
the stream from the surface at various points in the 
stream. The minimum stream velocity that will prevent 
the particles from sinking to the bottom of the stream is 
measured for each size particle. 



Material 


Particle size 
(mm) 


Minimum velocity 
tem/s) 


Clay 


0.(X)l 


20 


Silt 


0.01 


20 


Fine sand 


0.1 


20 


Coarse sand 


1 


30 


Pebbles 


iO 


100 


Cobble.s 


1(X) 


3(X) 



6. A landslide dumps a rnixtum of particles of all sizes 
into a stream flowing at 40 cm/s. Wliat kinds of 
material will be deposited in the stream bed? 

F, All sizes of panicles 
C. Clay, silt, sand, and pebbles 
H. None; all will wash away 
J, Pebbles and cobbles 

7. A newly fonned stream starts to flow at 30 cm/s 
over a land area where the soil contains particles of 
all sizes. After a number of years, what kinds of 
particles will remain in the stream bed? 

A. .Alt kind.s 

B. Clay, silt, and fine sand 

C. Coarse sand, pebbles, and cobbles 

D. Clay and cobbles only 

8. At a construction site, a cpiantity of coarse sand 
finds its way into a stream flowing at 40 cm/s. What 
happens to it? 

F. It falls to the bottom of the stream and stays 
there. 

G. It is carried away by the stream and falls to the 
bottom if the stream speeds up to 90 cm/s. 
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H. li is carried away by the stream and falls to the 
bottom if the stream slows down to 25 cm/s. 

J. It falls to the bottom of the stream and is then 
picked up and carried into quieter water. 

9. A stream flows at 130 cm/s over soil containing a 
mixture of all kinds of panicles. What kinds of par- 
ticles will drop to the bottom at a point where the 
velocity has slowed down to 25 cm/s? 

A. Pebbles and cobbles 

B. Coarse and fine sand only 

C. Coarse sand only 

D. Clay. silt, pebbles, and cobbles 

10. Which of the follow ing hypotheses might be 
advanced to account for the fact that a very large 
stream velocity is required to lift clay off the bot- 
tom of the river? 

F. Clay panicles clump together to fomi lumps 
the size of cobbles. 



G. Clay particles tire much larger than sand 
grains. 

H. Rivers always slow' down when they flow over 
clay. 

J. Clay pariicle.s have a high density, so they drop 
to the bottom very easily. 

11. If similar experiments were done with other materi- 
als in other rivers, which of the following outcomes 

would always be found? 

A. The velocity figures in Experiment 1 would 
always be larger than the corresponding values 
in Experiment 2. 

B. The velocity figures would never be larger 
than 600 cm/s in cither experiment. 

C. The velocity figures would never be smaller 
than 20 cm/s in either experiment. 

D. Medium-size particles arc always picked up by 
the slowest part of the river and carried fur- 
thest. 



♦ 
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Passage HI 

Yhc rale of oxygen absorption in fruits is a measure 
of the ritx‘riing piixcss. The graphs Ixlow show how this 
rate is affceict). in bananas and avtKados. by exposure to 
various concentrations of the gas ethylene (ppm is parts 
|KT million). 

ta) 





Days 



f * .i { «pu»Vc tK'wInpmc mius. ami tlw cJfect of cihytcnc 

pas upon tfic nonnai lo-ipiraiury trciKiv ktf For ffuiii? which oomialty show 
the fffspifaiory ditiuctcra’ phcm>fncmMi fe.j’.. avacaUo pearl, fb) For rjon- 
cliiniicterii' frtni'« >u»h as bamina, 

(tVoni Vhf Hu-i'lu*niistiV ytnti of Phm GrowUi 

McCniwllitL 



12. If the fruits are not exposed to ethylene: 

F. after the first few days, the rate of oxygen 
absorfMion is greater in avocados than in 
bananas. 

G. absorption of oxygen decreases steadily in 
both fruits. 

H. in both fniiis. oxygen absorption rises to a 
peak and then drops off. 

J. in avtKados. o.xygen absorption increases 
greatly after the first few days. 

13. 'rite effect of increasing the exposure to ethylene is 
to; 

A. increase oxygen uptake in btilh fruits. 

B. speed up oxygen uptake in both fruits. 

C. increase oxygen uptake for bananas only. 

D. .speed up oxygen uptake for avocados only. 

14. In what circumstance would both fruits reach about 
half of their maximum level of oxygen absorption? 
K On the fourth day with I part per million of 

ethylene. 

G. On the .second day with 10 parts per million of 
ethylene. 

H. On the .sixth day with 10 parts per niiilion of 
ethylene. 

J. On the first day with 50 pans per million of 
ethylene. 

15. A reasonable assumption from the graphs is that: 

A. ethylene cau-ses bananas to greatly increase the 
total amount of oxygen they absorb in ripen- 
ing. 

B. conceniralions of ethylene above 10 parts per 
million have little effect on the ripening lime 
of avocados, 

C. the total amount of oxygen absorbed by avoca- 
dos in ripening is not affected by the ethylene 
concentration. 

D. bananas are affected more strongly than av<Ka- 
dos by the presence of ethylene. 

1<>. The infonnaiiort provided suggests that if a fruit 
wholesaler wanted to use ethylene to control the 
ri{>ening of his produce, it would be necessary to: 

F. keep the concentration of ethylene below 10 
ppm. 

G. separate the different kinds ol fruit into dilfer- 
eni containers, 

H. test each batch separately with no ethylene. 

J. gel the fruit to market promptly after cxjwsurc 
to ethylene. 
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Passage IV 

A chemisl is investigating the effect of various kinds 
and amounts of suiutes on the boiling point of a solution. 

Experimetu I 

Solutions are made of various amounts of glucose 
dissolved in I liter of water, and the boiling point of cadi 
solution is measured. 



Glucose concentration (g/L) 


Boiling point (° C) 


0 


100.0 


100 


100.3 


200 


100.6 


300 


100.9 


400 


101.2 


500 


101.5 



Experiment 2 

Solutions are made of variou.s solutes (substances 
dissolved) in water, al) with a concentration of 300 g/L. 
The boiling point of each solution is measured. 



Substance 


Molecular weight 


Boiling point (° C) 


Acetaldehyde 


44 


103.5 


Glycerol 


92 


101.7 


Glucose 


180 


100.9 


Sucrose 


342 


100.5 



Experiment 3 

Solutions are made of various solutes dissolved in 
benzene (the solvent), which boils ui 80.1® C. All con- 
centrations are 3(X) g/L. 



Solute 


Molecular w'elghi 


Boiling point (° C) 


Butyric acid 


88 


89.8 


Trielhylainine 


101 


88.6 


Naphthalene 


178 


84.8 


Cholesterol 


387 


82.3 



17. If 200 g of glucose arc dissolved in 5(K) niL of 
w'ater. the l>oiling jx>ini of the solution will be: 

A. 100.3= C. 

B. 100.6° C 

C. 101.2*' C. 

D. 101.6’ C. 

18. Three hundred grams of a substance with a molecu- 

lar weight of 65 are dissolved in I liter of water. 
The boiling point of the solution will be about: 

F. 103.5° C. 

G. 102.4° C. 

H. 101.7° C. 

J. 100.3° C. 

19. For a given concenlralion and molecular weight of 

solute, how does the elevation of the boiling point 
depend on the kind of solvent? 

A. It is the same for all solvents. 

B. It is the same for water and for benzene. 

C. li is more for water than for benzene. 

D. It is more for benzene than for water. 

20. The experiments indicate that the boiling point ele- 
vation is directly proportional to: 

F. the molecular weight of the solute. 

G. the number of molecules of .solute per gram ot 
solvent. 

H. the boiling point of the solvent used. 

J. a combination of solute concentration and 
molecular weight. 

21. In Experiment 3. the solution of butyric acid in 
benzene boiled al a higher temperature than choles- 
icroJ in benzene. A possible explanation is: 

A. the molecules of cholesterol are larger, so they 
lower the boiling point of the benzene. 

B. the mass of cholesterol in solution wa.s larger 
than the mass of butyric acid. 

C. cholesterol reacts chemically with benzene, hut 
butyric acid docs not. 

D. the butyric acid .solution contains more mole- 
cules of solute than the cholesterol solution. 

22. In trying to deicniiirie the nature of a newly discov- 
ered substance, a chemist might use experimems of 
this kind to discover its; 

F'. chemical formula. 

G. concenlralion. 

H. molecular weight. 

J. lH>iling point. 
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Passage V 

1'l)c below rcprescnis the I onus ot‘ cnciiiy 

consiimpiion in an old building, in the design Tor a new 
huiiding, and in the actual new building alter it was built. 
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Illustration by Gabor Ki.ss from “Fncfiry-cITictctU Buildings. “ by Arthur H. Hnscnicld ami Davui Hafcmeisicr. 
Copyright -itj April by Si ienti/ic Anifricaiu fm . All rights reserved. 
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23. How effeclivc was ihe new design in improving ihe 

efilcicncy of energy use? 

A. Ii reduced ihc amouni of energy used by about 
15%. 

B. Il was a great improvement, but did nut 
accomplish all that was expected of it. 

C. It was so good that the new building actually 
performed better than expected. 

D. It was unnecessary', since the new building was 
so much better than the old one. 



24. What service was provided in the new' building that 
was not available in the old one? 

F. Elevators 

G. Fluorescent lighting 

H. Air conditioning 

J. Electronic energy control 

25. The difference between the new design and the per- 
fomiance of the actual building might have been 
due to miscalculation of the energy saving provided 
by; 

A. in.solation. 

B. fluorescent lighting. 

C. air conditioning. 

D. improved boilers. 



26. What approach to future problems of design of 
heating efficiency is suggested by these results? 

K Since heating is the largest pan of the energy 

cost even in the new building, this design did 
little to improve healing efficiency. 

G. Design emphasis should be placed on healing 
because this is the area where the major sav- 
ings can be made. 

H. Better designs must be sought because this one 
did not produce a result better than the one 
achieved in the actual new building. 

J. Lillie additional research is needed because 
this design provided the maximum possible 
saving of healing fuel. 

27. Which of. the following questions had to be 
answered before a decision was made as to w'hether 
or not to use the new design in constructing the 
new building? 

A. Should the new building be equipped with air 
conditioning? 

B. Will the new design improve the efficiency of 
hot water heating? 

C. Does the actual new building accurately reflect 
the gains suggested by the design? 

D. Does the new design cost so much more than 
the old that the fuel saving would not make up 
the difference? 
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Passage VI 

The purpo.se of this experiment is to study the rate 
at which the eyes of guppies become light-adapted. 

Experiment I 

Three guppies are kept m daylight conditions at 
24° C. They arc fed 50 water fleas (Daphnia) once a 
day. The number of Daphnia captured in 5 minutes is 
counted. In six trials, the following results are obtained: 
Number of Daphnia captured: 35 32 32 36 34 35 

Experiment 2 

The guppies are kept in the dark at 24° C for a full 
day. Then a light is Turned on. After a measured time 
delay. 50 Daphnia are added to the tank, and the num- 
ber captured in 5 minutes is counted. The experiment is 
repeated with various time delays.* 



'rime delay 


Number captured 


(minutes) 


in 5 minutes 


T 


0 


4 


18 


6 


24 


8 


33 


10 


33 


12 


32 



Experiment 3 

A similar experiment is done with the guppies, 
which have been kept at various temperatures. A uni- 
form time delay of 8 minutes is used before the fiKid is 
added. 



Temperalure 
(” C) 


Number captured 
in 5 minutes 


15 


12 


18 


18 


21 


26 


24 


35 


27 


34 


30 


35 


33 


22 


36 


9 



28. What assumption underlies the design of these 

experiments? 

F. Guppies are most active when illumination is 
high. 

G. The ability of guppies to find food depends on 
their ability to see it. 

H. Temperature affects the ability of guppies to 
find food. 

J. The eyes of guppies are just like the eyes of 
people. 
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29. Whai was the purpose of Experimeni I? 

A. lb csiablish a criterion as to when the guppies' 
eyes arc light 'adapted 

B. To control any possible effect of temperature 

C. To condition the guppies to respond to the 
presence of DaphnUt 

D. To keep the guppies in healthy condition 

30. What was the purpose of the lime delays in Experi- 

niirni 2? 

F. To sec how long it W4)uld take lor the guppies 
to llnd their fotnl 

G. 'I'o allow for differences between guppies in 
their feeding ability 

H. fo find out how long it lakes for the eyes ol 
the guppies U) become completely light- 
adapted 

J. To measure the time rate at which guppies find 
their food under standard conditions 

31. What evidence is there that guppies defxrnd solely 

on their eyesight to 11 nd food? 

A. Experiment 3 shows that they cannot sec well 
at low temperatures. 

B. Experiment 2 shows that, in the first 2 minutes 
after being kept in the dark, they cannot find 
any. 



C. Experiment 1 .shows that they find fotnl ver>' 
efficiently in daylight. 

D. E.xpcriniem 2 shows that the rate at which they 
find food diminishes as the food supply dwin- 
dles. 

32. A time delay of 8 minutes wa.s selected for Expert - 

mem 3 because this is the amount of time required 

for: 

F. the guppies to consume most of the food. 

G. the Oaphuio to become adapted to the tank. 

H. the guppies’ eves to become light-adapted at 
24” C. 

J. the water in the lank to reach a steady temper- 
ature. 

33. Which hypothesis could NOT account for the 

results of Experiment 3? 

A. Light adaptation is delayed at unusually high 
temperatures. 

B. Guppies are damaged at very high lernpem* 
turcs. and are thus unahlc to feed well. 

C. At high temperaiure.s, Daphnia become immo- 
bile and more difficult to find. 

D. The rule of adaptation to light increases uni- 
formly with temperature. 



Passage VII 

Two scientists disagree about an important point in 
the theory of evolution. 

Sciemist I 

Darwin's theory of evolution by natural .selection 
has a serious flaw. It cannot account for the origin of 
completely new organs. Consider, for example* the 
wings of insects. ITiese originate in the embryo a.s out- 
growths of the external skeleton of the thorax. How 
could such outgrowths have evolved? According to all 
we know about evolution, they mu.st have started as tiny 
ouignnvih.s that grew bigger generation by generation 
until they became functional wings. However, a small, 
incipient wing is useless; an insect cannot lly with l%of 
a wing. .Smee tho.se liny wing buds would have no u.se. 
they could not comrihuic to the ability of llie insects to 
survive, and thus could not-conirihuie to (he evolution of 
wings. It has been suggested that lhe.se small ouigrow'ihs 
w»cre originally used as gliding surlaces. like the skin 
flap.s of a flying squirrel. Piis does not .solve the prob- 
lem, however. <bra good-sized surface would be needed 
for gliding: I ?< of a suii'ace i.s as usclc.ss for gliding as for 
living. Somehow', such a surface mu.si have gradually 
dcvclo|)ed by some mcan.s other than natural selection. 
.Natural selection could improve a gliding surface, and 
turn it into a functional, flapping wing, but it could not 
invent the surface in the first place. The insect w'ing i.s an 



example of preadaptaiion. the development of a new 
structure that subsequently evolves into something use- 
ful. Evolution gives us many such examples. Prcadapia- 
tion surely exists, hut it cannot be explained by the 
theory of natural selection. Explanation of the origin of 
new, useful siruciure.s is an unfinished task of biological 
science. 

Scientist 2 

The problem raised by Scientist I is not new. Darwin 
provided the answer a century ago. although at that time 
there was no real evidence. It all hinges on the meaning 
of the term preadaptation, ft does not mean that a new 
feature ari.ses and then develops for many evolutionary 
years w'hilc it has no function. VVhai it does mean is that 
tin existing structure, developed for one function, can 
acquire a totally different use. Iliis is undoubtedly how 
insect wings evolved. Recent studies show that the wings 
of insects have an imponant function other than tlighi: 
they arc teniperaiurc-regulating structures. Many insects 
control their body temperatures hy silling in the sun to 
warm up. In ancient, primitive insects, an expansion of 
the thorax exposed more surface, ‘riiis expansion was 
promoted by selection, .since it allow'ed fur faster and 
more efficient wamiup. Lateral projections provided 
additional surfaces for temperature regulation. When 
these projections grew big enough, they acquired a new 
function; they became useful as gliding surfaces. The 
ability to glide has developed many times, and it has 
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someiimes evolved imo real, comrollcd flight. Seleciion 
convened the clumsy gliding surfaces of ancient insects 
into the complex and effective insect wings of today. 
Preadaplation is simply a shift of function, and is per- 
fectly incorporated into the theory of evolution by natu- 
ral selection. 

34. One of the scientists, but not the other, would agree 
that: 

F. natural selection results in improved function- 
ing of insect wings. 

G. natural selection can explain the origin of the 
wings of insects. 

H. insects u.se their wings to help in temperature 
control. 

J. insect wings evolved from surfaces previously 
used for glidif)g. 

35. What evidence docs Scientist 2 advance to suppon 
her argument? 

A. Tests show that insects use their wings for 
temperature control. 

B. Darwin provided a competent explanation for 
preadaptation. 

C. In the development of an insect, the wings 
arise as outgrowths of the thoracic skeleton. 

D. Many insects use projections from the thorax 
for gliding. 

36. According to Scientist 2, what principle has Scien- 
tist ) overlooked in his argument? 

F. Natural selection can greatly improve the func- 
tioning of an organ. 

G. In the cvolutii )0 of many different flying 
organisms, gliding always precedes real flying, 

H. New organs can arise even if they have no 
function at first. 

J. In the course of evolution, an organ can 
acquire a new function. 

37. Which of the following discoveries would support 
the hypothesis of Scientist 2? 

A. Fo.ssils of insects with primitive wings capable 
of gliding, but not of flying 

B. A living specie.s of insect that can glide, but 
cannot fly 

STOP! DO 



C. A fos.sil insect with .small lateral projections 
from the thorax 

D. A living insect in which juvenile stage.s have 
short wings used only for temperature regula- 
tion 

38. How should the argument of Scientist 1 be evalu- 
ated in tenns of its contribution to science? 

F. It is a foolish argument because the question 
was settled a long time ago. 

C. It is useful to raise the quc.stion because it 
challenges scientists to find evidence for shifts 
of function. 

H. It wastes valuable time because it has long 
been established that evolution results from 
natural selection. 

J. It challenges scientists to find an answer to a 
perplexing problem for which there is no satLs- 
factory answer. 

39. What would the two scientists expect to find in the 
fossil record? 

A. Scientist ) , but not Scientist 2, would expect to 
find that functional gliding surfaces appeared 
suddenly. 

B. Both scientists would expect to find gradual 
evolution of wings, starting with .small projec- 
tions. 

C. Scientist 2. but not Scientist 1, would expect to 
find gradual evolution, starting with .small pro- 
jections. 

D. Both scientists would expect to find that there 
are no fo.ssiI insects without some sort of glid- 
ing surface. 

40. In a recent series of experiments, paper models of 
insects were exposed to sunshine and to aerody- 
namic tests in a wind tunnel. Size and wing length 
were varied to test the concept of: 

F. natural selection. 

G. .shift of function. 

H. preadaptation. 

J. evolution. 
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Post-Test 



Model Science Reasoning Test 

35 Minutes— 40 Questions 

DIRECTIONS: This test consists of several distinct 
passages. Each passage is followed by a number of 
multiple-choice questions based on the passage. Study 
the passage, and then select the best answer to each 
question. You are allowed to reread the passage. Record 
your answer by blackening the appropriate space on the 
answer sheet. 



Passage I 

The diagram below summarizes the chemical 
processes that produce acid rain. 

NO is nitric oxide. 

NO2 is nitrogen dioxide. 

502 is sulfur dioxide. 

503 is sulfur irioxide. 

CO is carbon monoxide. 

CO2 is carbon dioxide. 




Illusiraiion by Bob Conrad from “The Challenge of Acid Rain,*' by Volkcr A. Mohncn. Copyright © August 1988 by Scientific American, inc. 
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1. Whul i.s in smokestack gases and automobile 
exhaust that ultimately produces acid rain? 

A. Ozone 

B. Carbon dioxide 

C. Oxides of sulfur and nitrogen 

D. Nitric and sulfuric acids 

2. Acid rain forms as a result of the reaction of hydro* 
gen peroxide with: 

F. sulfur dioxide. 

G. water. 

H. nitrogen dioxide. 

J. .sulfuric acid. 

3. Ciu*bon monoxide is removed from the air when it 
reacts with: 

A. nitric oxide to form nitric acid. 

B. sulfur dioxide to form sulfuric acid. 



Passage 11 

In the sterilizing process, instruments and cultures 
arc exposed to high temperatures for a definite length of 
time. The diagram below displays the combinations of 
temperature and time required to kill various kinds of 
microorganisms, llie .six graph areas represent the living 
stages of bacteria, yeasts, and molds, and the spore 
stages of these kinds of organisms. 




(DOES NOT INCLUDE PENETRATION TIME REQUIRED FOR POROUS UATERIALSJ 

6. The kind of microorganism that is most ditficult to 
kill is: 

F. mold spores. 

G. bacterial spores. 

H. yeasts. 

J. yeast spores. 

7. If a laboratory technician keeps insuunienls in boil- 
ing water for 3 hours, the purpose of the procedure 
is to kill: 

A. mold spores 



C, oxygen to form water, 

D, oxygen to form carbon dioxide, 

4, What gas combines directly with atmospheric water 
to form a polluting acid? 

F, Nitrogen dioxide 

G, Sulfur trioxide 

H, Sulfur dioxide 
J, Ozone 

5. What substance that makes an important contribu- 
tion to acid rain does not originate in the oxides of 
the exhaust gases? 

A. Sulfuric acid 

B, Ozone 

C, Nitrogen dioxide 

D. Sulfur trioxidc 



B. bacterial spores, 

C. all spores. 

D. all organisms. 

8. What procedure could be used to kill off mold 
spores in a culture, but leave the yeast spores still 
viable? 

F, Hold the culture at 80°C for 20 minutes. 

G, Keep the culture at 90°C for 8 minutes and 
then at 85°C for another 5 minutes, 

H, Keep the culture at 70®C for 10 minutes, 

J, No combination of time and temperature can 
do this. 

9, The chart suggests that, by controlling lime and 
temperature, a technician might be able to: 

A. kill off bacterial spores while leaving live bac- 
teria viable. 

B. kill all bacterial spores without destroying all 
tlie mold spores. 

C. kill off certain kinds of bacterial spores and 
leave other kinds still viable. 

D. destroy all living bacteria without killing off 
the living yeasts. 

10, What general biological rule might be suggested by 
, the contents of this graph? 

F. Microorganisms form spores to enable them to 
survive all kinds of unfavorable conditions. 

G. Molds are more sensitive than bacteria to tem- 
perature. 

H. Spore formation in microorganisms is a mecha- 
nism that protects the species against high tem- 
peratures. 

J. Spores arc a vital mechanism for the reproduc- 
tion of certain microorganisms. 
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Passage 111 

Experiments are done to study some of the factors 
that determine the rate of a reaction. When sulfuric acid 
acts on potassium iodate, elemental iodine is released. 
Iodine signals its presence by turning starch blue. 

Experiment ] 

A test solution is made of sulfuric acid and soluble 
starch in water. If potassium iodate is added» iodine 
accumulates at some definite rate. When the iodine 
reaches a certain conccnuation, the solution suddenly 
turns blue. Various concentrations of potassium iodate 
solution are used, and the time required for the mixture 
to turn blue is measured. 



Potassium iodate concentration 
(%) 


Time 

(seconds) 


10 


18 


9 


20 


8 


22 


7 


24 


6 


26 


5 


29 


. 4 


32 



Experiment 2 

To determine the effect of temperature on reaction 
rale, a 5% solution of potassium iodate is added to the 
test solution at various temperatures. 



Temperature 

rc) 


Time 

(seconds) 


5 


36 


15 


31 


25 


27 


35 


24 


45 


22 



11. Starch was added to the solution because: 

A. it speeds the reaction that produces iodine.^ 

B. it provides a test for the presence of eleniehtal 
iodine. 



C. it slows down the reaction so that die time 
becomes easily measurable. 

D. it prevents the sulfuric acid from destroying 
the potassium iodate. 

12. Experiment 1 shows that: 

F. elemental iodine turns starch blue. 

G. at higher iodate concenuation, iodine is liber- 
ated more quickly. 

H. the rate of the reaction depends on the concen- 
tration of sulfuric acid used. 

J. the release of elemental iodine occurs sud- 
denly. 

13. Experiment 2 is an example of a general rule that: 

A. higher concentrations speed reactions. 

B. higher concentrations slow down reactions. 

C. higher temperatures speed reactions. 

D. higher temperatures slow down reactions. 

14. Experiment 1 was done at a temperature of about: 

F. 10" C 

G. 20" C 

H. 30" C 
J. 40" C 

15. By studying the results of this experiment, what 
can be concluded as to the time the reaction would 
take at a temperature of 15" C? 

A. It would take about 48 seconds. 

B. It would take longer than 36 seconds, but it is 
impossible to predict how long. 

C. It is not possible to make any prediction 
because the results of the experiment arc too 
scattered. 

D. It might take a long time, or the whole thing 
might freeze and stop the reaction. 

16. About how long would it take for the starch to turn 
blue if a 10% solution of potassium iodate was 
used at 45" C? 

F. 1 5 seconds 

G. 18 seconds 

H. 22 seconds 
J. 29 seconds 
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Passage IV 

The graphs below represeiil the percentages of fat 
yand of water in the human body, by age and sex. 



lIuNirutiim by Bob Cotiriid from "Fatness anti Fertility," by Rose li. I 
All rights rcscrvctl. 

17. During the adolescent years, the most notable- 
change is: 

A. a decrease in fat percentage for boys, 

B. an incrca,se in fat percentage for girls, 

C. a decrease in water percentage for boys. 

D. an increase in water percentage for girls. 

>18. The percent of fat in the body increa,ses most rap- 
idly during: 

F. middle age, 

C». adolescence. 

H. babyhood. 

J. the prenatal period. 

l|?j At age 60, the amount of water in the body of a 
I50*pound man is: 

A. the same as that in a 150-pound woman, 
fi. twice as much as that in a 150-pound woman. 

C. about the same as that in a 140-pound woman. 

D. about the same as that in a 160-pound woman. 



20. The percentage of body weight made up of both 

water and fat is: 

F. greater for females after adolescence, 

G. greater for males after adolescence. 

H. approximately the same for both sexes after 
adolc.sccncc only. 

J. approximately the same for both .sexes at all 
ages after birth. 

21. What hypothe.sis about the role of sex hormones 

during adole.sccnce might be advanced from the 

graphs? 

A. Both male and female .sex hormones cau.se an 
increase in the percent of fat in the hcKly, 

B. Male honnones cause a reduction in the per- 
cent of fat and an increase in the percent of 
water. 

C. Female honnones have a much greater influ- 
ence than male hormones on the percent of 
water. 

D. Male hormones cause the growth of male sec- 
ondary sex characteristics. 
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Passage V 

Seeds are tested for their abiJity to produce sub- 
stances that kill microorganisms. Each seed is placed on 
cultures of two bacteria (Staphylococcus and Es- 
cherichia) and two molds. Seeds are classified on a scale 
of 0 (no effect) to 5 (strong effect), according to the 
amount of microorganism-free space that develops 
around the seed. 

Experiment J 

Seeds of two members of the Lily family are tested 
against four different microorganism.s: 



Microorganism 


Lily Family 


Garlic 


Daylily 


Siuphylococcus 


4 


0 


Escherichia 


5 


4 


Bread mold 


2 


2 


Penicillium mold 


3 


0 



Experiment 2 

The same experiment is repeated using seeds of two 
members of the Composite family: 



Microorganism 


Composite Family 


Dandelion Thistle 


Staphylococcus 
Escherichia 
Bread mold 
Penicillium mold 


5 5 

4 5 

4 3 

2 2 



Experiment 3 

The experiment is then done with two members of 
the Legume family: 



Microorganism 


Legume Family 


Soybean 


Alfalfa 


Staphylococcus 


0 


0 


Escherichia 


4 


2 


Bread mold 


2 


3 


Penicillium mold 


3 


4 



22. Which of the microorganisms is most susceptible to 
attacks by the chemicals produced by seeds? 

F. Staphylococcus 

G. Escherichia 

H. Bread mold 

J. Penicillium mold 

23. Of the following, which kind of seed is more effec- 
tive against molds than against bacteria? 

A. Alfalfa 

B. Daylily 

C. Thistle 

D. Garlic 

24. To find an antibiotic that will protect oranges 
against Penicillium mold, a scientist would concen- 
trate on: 

F. seeds of the thistle and its close relatives. 

G. a variety of members of the Composite family, 

H. members of the Legume family, 

J. seeds of the daylily and its relatives. 

25. What conclusion can be reached about bread mold? 

A. It can survive by attacking seeds. 

B. It is highly resistant to chemical poisoning, 

C. It cannot be destroyed by seeds of the Com- 
posite family. 

D. It is rnoderalely susceptible to attack by many 
kinds of seeds. 

26. What hint might a scientist trying to find an antibi- 
otic to control Staphylococcus infections get from 
these experiments? 

F. Looking for seeds that produce such an antibi- 
otic would be a waste of effort. 

G. It would be inadvisable to concentrate on seeds 
of the Legume family. 

H. It would be wise to concentrate on Penicillium 
mold and its close relatives. 

J. The scientist should not waste time trying the 
bread mold and its close relatives. 

27. Which of the following ecological hypotheses is 
supported by the evidence of these experiments? 

A. Molds are better able to survive than bacteria 
wherever the two kinds of microorganisms 
compete. 

B. The Legume family produces valuable fodder 
crop.s because its seeds have a high survival 
rale. 

C. The bacteria Escherichia and Staphylococcus 
may be highly damaging to leguminous crops, 

D. The Composite family has so many successful 
sturdy weeds because its seeds destroy 
microorganisms. 
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Passage Vi 

Experiments are done to test the optica! properties of 
lenses immersed in media having different indices of 
refraction. 

Experiment J 

A lens made of flint glass* index of refraction 1.720, 
is tested. A beam of parallel light rays is sent into the 
lens, and the distance from the lens to the point of con- 
vergence of the beam is measured. This is the fiKal 
length of the lens. This focal length is measured with the 
lens immersed in media of various indices of refraction. 



Medium 


Index 

of refraction 


Focal 

length (cm) 


■Air 


1.00 


8 


Folinol 


.1.24 


13 


^Vatc^ 


1.33 


20 


11% Sugar solution 


1.50 


39 


parbon disulfide 


1.62 


95 


•Methylene iodide 


1.74 


♦ 



do nol converge ai all. 



■Experiment 2 

Another lens is tested. It is made of the same kind of 
iglass as in Experiment 1* but this lens is thicker, more 
'shongly curved. 



Medium 


Index 

of refraction 


Focal 

length (cm) 


Air 


1.00 


5 


Folinol 


1.24 


8 


Water 


1.33 


12 


1 1 % Sugar solution 


1.50 


24 


Carbon disulfide 


1.62 


60 


Methylene iodide 


1.74 


* 



Experiment 3 

A lens made of a new plastic is then tested, "niis lens 
is identical in size and shape to the glass lens in Experi- 
rment 2. 



i Medium 


Index 

of refraction 


Focal 

length (cm) 


; Air 


1.00 


13 


i Folinol 


1.24 


34 


Water 


1.33 


360 


n% Sugar solution 


1.50 


4i 


Carbon disulfide 


1.62 


* 


Methylene iodide 


1.74 





28. The index of refraction column is the same in all 
three experiments because: 

F. all three lenses have the same basic properties. 

G. the same liquids arc used In all three experi- 
ments. 

H. the temperatures at which the experiments are 
performed are carefully controlled. 

J. the color of the light source is not allowed to 
change from one experiment to another. 

29. As the index of refraction of the medium increases, 
what happens to the rays of light emerging from 
the lens? 

A. They converge more strongly in all cases. 

B. They converge more strongly on leaving the 
glass lenses, but not the pla.stic lens. 

C. They converge less strongly in all cases. 

D. They converge less strongly on leaving the 
plastic lens, but not the glass lens. 

30. Making a lens thicker and more strongly curved: 

F. shortens the focal length. 

G. increases the focal length. 

H. increases the index of refraction. 

J. decrea.ses the index of refraction. 

31. A reasonable hypothesis that can be derived from 
Experiments I and 2 is that: 

A. a lens will not focus light if its index of refrac- 
tion is lower than that of the medium it is in. 

B. methylene iodide tends to spread light out so 
that it does not come to a focus. 

C. the focal length of a lens depends entirely on 
the index of refraction of the medium it is in. 

D. the thicker a lens, the less the convergence it 
produces on the light that passes through it. 

32. Measurements of the kind made in the.se experi- 
ments would NOT be useful in efforts to find: 

F. the index of refraction of a liquid. 

G. the way a prism in a fluid would bend light 
rays. 

H. the concentration of a sugar solution. 

J. the chemical composition of an unknown 
liquid. 

33. The index of refraction of the plastic lens in Exper- 
iment 3 must be: 

A. less than 1.33. 

B. between 1 .33 and 1 .50. 

C. more than 1.33. 

D. more than 1.50. 
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Passage V!1 

Two sciemisis disagree on the question of the origin 
of petroleum. 

Scientist i 

There have been many theories suggesting a non- 
organic origin of petroleum, but none of them have 
been successful. It is now accepted almost universally 
by geologists that petroleum comes from the decay of 
living things. Petroleum formation occurs in enclosed 
oceanic ba.sins, such as the Black Sea. There must be an 
extremely large and continuous supply of marine organ- 
isms. adding their corpses to an accumulation at the bot- 
tom of the sea. They are quickly buried in sediment, so 
quickly that they do not have time to decay. In the 
endo.sed basin, there is little circulation, so there is no 
supply of fresh, oxygenated water. In the absence of oxy- 
gen, there is little decay. The organic matter of the 
corpses degenerates into hydrocarbons, which accumu- 
late as oil and gas. Since oil is lighter than water, it rises. 

As the deposits are covered with more sediments, the oil 
and gas rise into them and accumulate there. Petroleum 
geologists know that oil is often found in salt domes, 
formed by the evaporation of seawater. 

Scientist 2 

The current theory about the origin of petroleum 
pi>siulmes a very unlikely combination of circumstances. 

It needs an enclosed basin, exceptionally rich in marine 
life, with sediments pouring rapidly into it from the sur- 
rounding countryside. Although ihi.s combination might 
occur occasionally, it is too rare to iiccouni for the enor- 
mous earth areas underlain by petroleum. In my opinion, 
oil has been present deep in the earth since its origin. 
Meteorites, comets, and satellites are rich in hydrocar- 
bons. The earth formed by agglomeration of these kinds 
of objects. After the earth formed, the hydrocarbons 
seeped upward, accumulating in porous sedimentary 
r(Kks, However, oil and gas are sometimes found seep- 
ing out of igneous rocks, which have no fossils at all. if 
these rocks have been thoroughly fractured by deep 
earthquakes. Oil wells now drill down to only about 
15,000 feet. A recent exploraiional drilling found an oily 
sludge at 20,000 feel. If we could get to 30.000 feet, we 
would find an enormous pool of oil underlying the whole 
crust of the earth. 

34. Both .scientists agree that petroleum: 

F. forms at the bottom of the sea. 

Cf. seeps upward into sedimentary rocks. 

H. is present in great quantities below 30,000 feet. 

J. ha.s always been present on earth. 

35. Which of the following di.scoveries would greatly 

weaken the argunicni of Scientist 27 

A. A vast oil deposit is found in sedimentary 
strata 20,0(X) feet deep. 

STOP! DO 



B. A meteorite is analyzed and found to contain 
few hydrocarbons. 

C. sludge discovered at 20,000 feet turns out 
to be contamination from drilling oil. 

D. A large accumulation of oil is found in highly 
fractured igneous rock. 

36. According to Scientist 2. what strategy would be 
most likely to increase world .supplies of petro- 
leum? 

F. Drill wells to greater depths, 

G. Inccrcase exploration of offshore sedimentary 
strata. 

H. Drill wells in igneous rocks, 

J. Develop techniques of extraction from mete- 
orites. 

37. Exploration of the Persian Gulf reveals that it Is an 
enclosed body of water rich in marine life. Accord- 
ing to the hypothesis of Scientist 1, what additional 
condition would be ncccs.sary in order for petro- 
leum deposits to develop? 

A. Vertical circulation to carry oxygen downward 

B. High concentration of salt in the water 

C. An accumulation of meteorites 

D. Rapid deposition of sediments 

38. Scientist 2 considers that oil seepage from igneous 
rocks is damaging to Scientist I’s theory because 
igneous rocks: 

F. are easily fractured by earthquake-^. 

G. never contain fossils. 

H. are always located deep in the crust. 

J. contain many meteorites. 

39. What evidence given by Scientist 1 was not refuted 
by Scienti.st 2? 

A. There have been many theories of a nonor- 
ganic origin of petroleum, and all of them have 
failed. 

B. Petroleum is very often found associated with 
salt domes. 

C. All petroleum deposits are in porous .sedimen- 
tary' rock. 

D. Meterorites come to earth in the ocean just as 
often as on land. 

40. The chief objection that Scientist 2 ha.s to the the- 
ory of Scientist 1 is that it: 

F. postulates the formation of petroleum in a 
highly unusual set of conditions. 

G. cannot account for the accumulation of petro- 
leum in sedimentary rocks. 

H. arbitrarily rejects die theory of nonorganic ori- 
gin. 

J. places a limit on the amount of petroleum that 
can be extracted frri.m the earth. 
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DIRECTIONS: This test consists of a science passage obtained from the science reasoning section of ACT exam. Each science 
reasoning section consists of seven sections with 40 questions that should be completed in 35 minutes. Thus, this passage 
should take no more than 5 minutes. Each passage is foiiowed by a number of muitipie-choice questions based on the passage. 
Study the passage beiow, and then seiect the best answer to each question. You are ailowed to reread the passage. Record 
vour answer bv biackenina the aoDrooriate soace on the answer sheet. 



The charts below show the composition of the average American diet as it exists (solid) and as recommended by the 
National Research Council (cross-hatched). The kilocalorie is a measure of the energy content of food. 




Illustration by Andrew Christie from "Diet and Chancer," by Leonard A. Cohen. Copyright © November 1987 by Scientific 



1 . If the recommendations of the National 
Research Council were followed, people would 
eat: 

A. more protein and less fiber. 

B. more protein and less fat. 

C. more carbohydrate and less fat. 

D. D. more fiber and less protein. 

2. Comparison of the charts shows that: 

A. most of our food energy comes from proteins. 

B. we now get much more of our energy from 
carbohydrates than from fats. 

C. we cannot increase our energy intake by 
eating more fiber. 

D. the quantities of fats and carbohydrates in our 
present diet are approximately equal. 

3. According to these recommendations, what 
commem 

can be made about the present American diet? 

A. It is overloaded with carbohydrates. 

B. It has too much fiber. 

C. It does not have enough fat. 

D. It contains the proper amounts of proteins. 



4. If the recommendations for a changed diet were 

followed, our diet would have about: 

A. four times as much carbohydrate as fat. 

B. two and a half times as much carbohydrate as fat. 

C. equal amounts of carbohydrate and fat. 

D. nearly twice as much carbohydrate as fat. 

5. Comparison of the percent by weight of the different 

nutrients in the diet and the percent of energy each 

supplies shows that: 

A. 1 gram of fat supplies more energy than 1 
gram of carbohydrate. 

B. 1 gram of carbohydrate supplies more energy 
than 1 gram of protein. 

C. 1 gram of protein supplies about three times as 
much energy as 1 gram of fiber. 

D. 1 gram of carbohydrate supplies more energy 
than 1 gram of fat. 
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Appendix C continued 

Science Reasoning 

DIRECTIONS: This test consists of a science passage obtained from the science reasoning section of ACT exam. Each 
science reasoning section consists of seven sections with 40 questions that should be completed in 35 minutes. Thus, this 
passage should take no more than 5 minutes. Each passage is followed by a number of multiple-choice questions based on 
the passage. Study the passage below, and then select the best answer to each question. You are allowed to reread the 
passage. Record your answer by blackening the appropriate space on the answer sheet. 



A bacteriologist is investigating the use of glucose 
by a type of bacterium as a source of energy in spore 
formation. 

Experiment 1 

The bacteria are grown in a nutrient solution 
containing a supply of glucose. When the glucose has 
been largely depleted, the contents of each cell shrink 
away from the cell wall and form a spore, which is 
highly resistant to environmental damage of all kinds. 

Experiment 2 

A culture of the bacteria is grown in a medium 
containing little glucose. The bacteria use the glucose as 
they grow, but do not form spores when the glucose has 
been depleted. 

Experiment 3 

A culture is grown in a medium containing ample 
glucose, but the cells are removed while there is still 
plenty of glucose in the medium. They are placed in dis- 
tilled water, and form spores in about 13 hours. 

Experiment 4 

As in Experiment 3, cells are transferred from a 
glucose-rich medium to distilled water. If glucose is 
added to the water 5 hours later, the cells never form 
spores. If glucose is added 10 hours after the transfer, 
spores form 3 hours later. 

6. Comparison of Experiments 1 and 2 shows that: 

A. glucose is necessary for the bacteria to grow. 

B. . the process of spore formation needs a good 

supply of glucose. 

C. bacteria can protect themselves against unfavorable 
conditions by forming spores. 

D. spore formation is inhibited by large concentrations 
of glucose. 

7. A reasonable hypothesis from Experiment 3 is that: 

A. distilled water promotes the formation of 
spores. 

B. distilled water retards the formation of spores, 
but does not prevent it. 

C. bacterial cells store enough glucose to form 
spores. 

D. bacterial cells are able to form spores without 
any source of glucose. 



8. Experiment 1 indicates that spore formation is 
stimulated by deprivation of glucose. Considering 
the results of Experiment 4, how long must this 
deprivation continue? 

R Less than 5 hours 

G. Somewhere between 5 and 10 hours 

H. More than 10 hours 
J. At least 13 hours 



9. In Experiment 4, adding glucose to the distilled 

water after 10 hours: 

A. causes spores to form 3 hours later. 

B. delays the formation of spores for 3 hours. 

C. speeds up the formation of spores by 5 hours. 

D. has no effect at all on the formation of spores. 

10. Which of the following experiments would NOT be 

useful in efforts to learn more about the way bacteria 

use sugars in spore formation? 

A. Repeat Experiment 4 adding glucose to the 
water at various times after transferring the 
bacteria to distilled water. 

B. Repeat Experiments 3 and 4 using bread molds 
instead of bacteria as the spore-forming organism. 

C. Repeat Experiments 1 and 2 using other kinds of 
sugar than glucose as energy sources. 

D. Repeat Experiment 2 using different 
concentrations of glucose 



11. According to these experiments, what condition 
must be met in order for this type of bacterium to 
form spores? 

A. A good supply of glucose in the medium, 
followed by a period in which there is little 
glucose 

B. A steady supply of glucose in high 
concentration 

C. A prolonged period of glucose deprivation 

D. A sudden increase in the concentration of 
glucose in the medium 
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The Question-Answer Relationship (QARS) 



Kind of Question 


Textually Explicit 
or Implicit 


Characteristics 


Key Words/Notes 


Right There 


Explicit 


Answer stated directly 
in the text 


Name 

List 

In what year 


Think & Search 


Implicit \ 

1 ' ' 


Answer requires 
students to put 
together several of the 
text. 


Compare & contrast 
Cause & Effec 

What caused.... 
What are some of the .. 


Author & You 


Implicit & Explicit 


Answer requires that 
students mesh their 
thoughts about a topic 
with information the 
author presents 


Evaluate based on info.. 
Why do you think 


On Your Own 


Implicit 


Answer comes from 
application of the 
information from the 
text 


Your interpretation 
What do you think.... 
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Time Management: Plus-Minus System 








Answer 


X 




"Easy"/Known 






Question 











I 



Mark (-) to "impossible" question 
with a guessed answer 



Mark (+) for solvable but time 
consuming problems 






er|c 





Go back & Answer (+) 


X 




questions 





\ 










X 




Reconsider (-) questions 




L 






r 






X 




Don't be afraid to guess 
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